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Fig. 1.  The structure used for reducing mutual coupling. 
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Abstract—A method of reducing mutual coupling for a 
large-scale array with the wideband and beam steering 
characteristics is proposed in this work. An extra coupling 
path is intentionally introduced to reduce the mutual coupling 
among adjacent radiating elements. A millimeter wave array is 
used to verify the proposed method. The simulation results 
show that the mutual coupling between adjacent elements can 
be reduced to below -15 dB over the band of 19-39.5 GHz and 
this concept is viable even for the beam steering angle range of 
±45º. 
Index Terms—Mutual coupling suppress, large-scale array, 
wideband, beam steering, millimeter wave. 
I.  INTRODUCTION 
Multiple-input-multiple-output (MIMO) antenna systems 
have been widely considered in modern communication 
system [1]. However, the mutual coupling between elements 
is a common problem for the large-scale arrays, which will 
affect the beamforming function, increase the active 
reflection coefficient with beam steering and result in highly 
correlated information channels and deterioration of the 
efficiency [2]. 
Various decoupling techniques have been proposed to 
reduce or compensate for the mutual coupling effect, such as 
EBG (electromagnetic bandgap) structures [3], coupled 
resonator decoupling networks [4], parasitic antenna element 
method [5], and couplers [6], [7]. In [8], an array-antenna 
decoupling surface is used for reducing the mutual coupling 
in a large-scale array antenna. In [8], an efficient decoupling 
network is used for wide-angle scanning array. However, 
these methods have the limitation and not applicable in case 
of a large-scale array over a wide bandwidth and wide scan 
angle. 
A method of reducing mutual coupling is proposed. An 
extra coupling path is introduced to suppress the mutual 
coupling between adjacent elements. This method can be 
used to reduce the mutual coupling for a large-scale array 
with the wideband and beam steering characteristics. The 
simulation results show that the mutual coupling can be 
reduced below -15 dB over the band of 19-39.5 GHz within 
the beam steering angle of ±45º.  
II. PRINCIPAL OF THE METHOD 
An extra coupling path including two couplers and a 
phase shifter is introduced to reduce the mutual coupling, as 
shown in Fig. 1. Part of the energy is coupled into the 
introduced coupling path. When the coupled power of the 
introduced path has the same amplitudes and opposite phase 
with the coupled power via the radiation directly from free 
space, the total mutual coupling can be completely canceled 
out. By adjusting the coupling coefficient of the coupler and 
the phase of the phase shifter, the mutual coupling can be 
reduced between the equivalent ports P1 and P2 over a 
wideband optimally. 
Based on this structure, the optimization procedure can 
be summarized as follows: 
Step 1: Obtain the active S11/S22 and S21 of two 
adjacent elements in the array. The use of the active S-
parameter of element in the array can make the proposed 
method to be used for a large-scale array. 
Step 2: Determine the initial value of coupling 
coefficient and the phase based on the originally amplitude 
and phase of S21.  
Step 3: Build the simulation models of the proposed 
structure for different beam steering angles. And then do the 
optimization.  
The procedure shown above will make sure that the 
proposed method fit for mutual coupling reduction for a 
large-scale array with broadband and beam steering 
characteristics. 
 
Fig. 2.  Simulation model of a 24-element linear array. 
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Fig. 3.  The active reflection coefficient of two element in the array at 
different beam steering angles. (a) 0º. (b) 15º. (c) 30º. (b) 45º. 
 
Fig. 4.  The simulation results of S21. 
 
Fig. 5.  The simulation model of the proposed structure. 
A. Array Parameters Extraction  
Following the design procedure, a 24-element linear 
array is simulated to evaluate the mutual coupling between 
adjacent elements which is shown in Fig. 2. 
The linear array employs planar bowtie antennas as 
radiation elements which are similar to magneto-electric 
dipoles. The excitation structure for the bowtie is г-shaped, 
which can obtain good impedance matching in a wide 
frequency range [10], [11].   
The S-parameters of two middle elements (1 and 2) are 
used for the optimization. We extracted the S-parameters of 
each element of the array to calculate the active reflection 
coefficients of these two ports at different beam steering 
angles. It is seen from Fig. 3 that this array can scan to ±45º 
over 17-42 GHz while the active reflection coefficient of two 
ports are below -10 dB. Shown in Fig. 4 is the amplitude and 
phase of S21. This array has a strong mutual coupling 
especially at lower frequency band (around -9 dB over 17-28 
GHz).  
B. Parameter Calculation  
Fig. 5 shows the simulation model built in ADS based on 
the proposed structure. The S2P model is used to import the 
calculated S-parameter of two-element antenna array. The 
transmission line is used to change the phase in the 
introduced path. Considering the symmetric of the structure, 
two couplers have the same parameters.  
Based on the amplitude and the phase of the S21 of 
originally two-element antenna array, the coupling 
coefficient C1 of the couplers and the length L1 of the 
transmission line in the introduced path can be calculated. 
C. Optimization 
Four models for scan angle at 0º, 15º, 30º, 45º are built 
respectively with the same parameters of couplers and 
transmission line while the import S-parameters of the 
antennas are distinct for these different steering angles. Then 
the optimization has be done to the simulation model to 
make sure that the proposed structure have good 
performance of reducing mutual coupling at different beam 
steering angle without the deterioration of active reflection 
coefficient. 
III. SIMULATION RESULTS 
The simulation results of the proposed structure are 
shown in Fig. 6. Where C1=5.55 dB, L1=14.6 mm. The εr of 
substrate is 2.2, the height is 0.254 mm. 
It is shown that the coupling between the equivalent ports 
is below -15 dB over 19-39.5 GHz. The proposed structure 
produces an improvement for beam steering condition over 
wideband, especially at the lower frequency. Considering the 
nonlinear phase and nonuniform amplitude at the higher 
frequency compared with the lower frequency, the mutual 
coupling at higher frequency is not reduced to a low level. 
Meanwhile, the reflection coefficients are not 
deteriorating seriously at both ports at different steering 
angles which are shown in Fig. 7.  
IV. CONCLUSION 
A method of reducing mutual coupling is proposed. An 
extra coupling path is introduced to eliminate the mutual 
coupling between adjacent elements. To validate the 
proposed scheme theoretically, the active S11/S22 of the 
element in a specific array are obtained by a 24-element 
linear array firstly. Then amplitude and phase of S21 are used 
to determine the initial parameters of the proposed structure. 
Finally, the optimization has been done for beam steering 
condition. The simulation results show that the mutual 
coupling can be reduced to below -15 dB over the band of 
19-39.5 GHz within the beam steering angle of ±45º. This 
method can be used for mutual coupling reduction of a large-
scale array with wideband and beam steering characteristics.  
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Fig. 6.  The simulated mutual coupling results with and without the 
proposed structure. 
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Fig. 7.  The reflection coefficient of two equivalent ports at different 
beam steering angles. (a) 0º. (b) 15º. (c) 30º. (b) 45º. 
